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8208
DYNAMIC RAM CONTROLLER

m 0 Wait State, 8 Mhz IAPX 286, IAPX = IAPX 286 CFS=1 (fast cycle)
186/188, and IAPX 86/88 Interface - 8208-16 4-16 MHz
@ Provides all Signals necessary to 8208-12  4-12 MHz

Control 64k and 256k Dynamic RAMs m iAPX 86/186 CFS=0 (slow cycle)

8208 2-8 MHz
m Support Synchronous or Asynchronous
Microprocessor Interfaces 8208-6 2-6 MHz
. m Directly Addresses and Drives up to
®m Automatic RAM Warm-up 1 Megabyte without External Drivers
m Performs Early Write Cycles

The Intel 8208 Dynamic RAM Controller is a high performance, systems oriented, Dynamic RAM controller that
is designed to easily interface 64k and 256k Dynamic RAMS to Intel and other microprocessers. It is a 48 pin
single-port version of the dual-port 8207.
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Figure 1. Block Diagram and Pinout Diagram
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Table 1. Pin Description

Symbol Pin Type Name and Function

ALO 5 | ADDRESS LOW: These low order address inputs are used to

AL1 4 | generate the row address fer the internal address muitiplexer. In

AlL2 3 | iAPX 286 mode (CFS = 1), these addresses are latched internally.

AL3 2 |

AL4 1 |

ALS 47 |

AL6 46 |

AL7 45 |

AL8 44 |

BS 6 I BANK SELECT: This input is used to select one of the two banks of
the dynamic RAM array as defined by the program-bit RB.

AQOO 7 (0] ADDRESS OUTPUTS: These outputs are designed to provide the

AO1 8 o row and column addresses, of either the CPU or the refresh

AO2 9 (0] counter, to the dynamic RAM array. These outputs drive the

AO3 10 (o] dynamic RAM array directly and need no external drivers. However,

AO4 11 (o] they typically need series resistors to match impedances.

AQ5 13 (o]

AO6 14 (o]

AQ?7 15 (o]

AO8 16 0

VSS 12 | GROUND

17 1 GROUND
22 I GROUND
36 [ GROUND

RAS0 19 0 ROW ADDRESS STROBE: These outputs are used by the dynamic

RAST 18 o] RAM array to latch the row address, present on the AO0-8 pins.
These outputs are selected by the BS pin as programmed by
program-bit RB. These outputs drive the dynamic RAM array
directly and need no external drivers.

CAS0 21 o] COLUMN ADDRESS STROBE: These outputs are used by the

CAS1 20 0] dynamic RAM array to latch the column address, present on the
AO0-8 pins. These outputs are selected by the BS pin as
programmed by program-bit RB. These outputs drive the dynamic
RAM array directly and need no external drivers.

RESET 23 | RESET: This active high signal causes all internal counters to be
reset and upon release of RESET, data appearing at the PDI pin is
clocked-in by the PCLK output. The states of the PDI, PCTL and
RFRQ pins are sampled by RESET going inactive and are used to
program the 8208. An 8 cycle dynamic RAM warm-up is performed
after clocking PDI bits into the 8208.

WE/ 25 (0] WRITE ENABLE/PROGRAMMING CLOCK: Immediately after a

PCLK RESET this pin becomes PCLK and is used to clock serial

: programming data into the PDI pin. After the 8208 is programmed
this active high signal provides the dynamic RAM array the write
enable input for a write operation.

vCC 24 | POWER: + 5 Volts.

48 I POWER: + 5 Volts.
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Table 1. Pin Description (Continusd)

Pin

Type

Name and Function

26

O

ADVANCE ACKNOWLEDGE/TRANSFER ACKNOWLEDGE:
When the X programming bit is set to logic 0 this pin is AACK and
indicates that the processor may continue processing and that data
will be available when required. This signal is optimized for the
system by programming the S program-bit for synchronous or
asynchronous operation. The S programming bit determines
whether this strobe will be early or late. If another dynamic RAM
cycle is in progress at the time of the new request, the AACK is
delayed. When the X programming bit is set to logic 1 this pin is
XACK and indicates that data on the bus is valid during a read cycle
or that data may be removed from the bus during a write cycle.
XACK is a MULTIBUS compatible signal. (See Figure 5)

PCTL

27

PORT CONTROL: This pin is sampled on the falling edge of
RESET. It configures the 8208 to accept command inputs or
processor status inputs. If PCTL is low after RESET the 8208 is
programmed to accept bus/MULTIBUS command inputs or iAPX
286 status inputs. If PCTL is high after RESET the 8208 is
programmed to accept status inputs from iAPX 86 or iAPX 186 type
processors. The 82 status line should be connected to this input if
programmed to accept iAPX 86 or iAPX 186 status inputs. When
programmed to accept bus commands or iAPX 286 status inputs, it
should be tied iow or it may be connected to INHIBIT when
operating with MULTIBUS.

28

PORT ENABLE: This pin serves to enable a RAM cycle request. It
is generally decoded from the address bus.

3
e

29

WRITE: This pin is the write memory request command input. This
input also directly accepts the S0 status line from Intel processors.

g

30

READ: This pin is the read memory request command input. This
input also directly accepts the S1 status line from Intel processors.

CLK

31

CLOCK: This input provides the basic timing for sequencing the
internal logic. This clock requires MOS levels.

RFRQ

32

REFRESH REQUEST: This input is sampled on the falling edge of
RESET. If RFRQ is high at RESET then the 8208 is programmed for
internal-refresh request or external-refresh request with failsafe
protection. If RFRQ is low at RESET then the 8208 is programmed
for external-refresh without failsafe protection or burst-refresh.
Once programmed the RFRQ pin accepts signals to start an
external-refresh with failsafe protection or external-refresh without
failsafe protection or a burst-refresh.

PDI

33

PROGRAM DATA INPUT: This input is sampled by RESET going
low. It programs the various user selactable options in the 8208.
The PCLK pin shifts programming data into the PD! input froman -
external shift register. This pin may be strapped low to a default
iAPX 186 mode configuration or high to a default iAPX 286 mode
configuration.

AHO
AHt
AH2
AH3
AH4
AH5
AH6
AH7
AH8

ADDRESS HIGH: These higher order address inputs are used to
generate the column address for the internal address multiplexer. In
iAPX 286 mode, these addresses are latched internally.
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GENERAL DESCRIPTION

The Intel 8208 Dynamic RAM Controller is a micro-
computer peripheral device which provides the nec-
essary signals to address, refresh and directly drive
64k and 256k dynamic RAMs.

The 8208 supports several microprocessor interface
options including synchronous and asynchronous

operations for iAPX 286, iAPX 186/188, iAPX 86/88
and MULTIBUS.

FUNCTIONAL DESCRIPTION

Processor Interface

The 8208 has control circuitry capable of supporting

one of several possible bus structures. The 8208
may be programmed to run synchronous or asyn-
chronous to the processor clock. {(See Synchro-
nous/Asynchronous Mode.) The 8208 has been

optimized to run synchronously with Intel's iAPX
286, iIAPX 186/188, and iAPX 86/88. When the
8208 is programmed to run in asynchronous mode,
the 8208 inserts the necessary synchronization cir-
cuitry for the RD, WR, PE, and PCTL inputs.

The 8208 achieves high performance (i.e. no wait
states) by decoding the status lines directly from the
iAPX 286, IAPX 186/188, and the iAPX 86/88. The
8208 can also be programmed to receive read or
write MULTIBUS commands or commands from a
bus controller. (See Status/Command Mode.)

The 8208 may be programmed to accept the clock
of any Intel microprocessor. The 8208 adjusts its in-
ternal timing to allow for different clock frequencies
of these microprocessors. (See Microprocessor
Clock Frequency Option.)

Figure 2 shows the different processor interfaces to
the 8208 using the synchronous or asynchronous
mode and status or command interface.
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Figure 2A. Slow-Cycle (CFS = 0) Interfaces Supported by the 8208
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Figure 2B. Fast-cycle (CFS = 1) Port interfaces Supported by the 8208
Dynamic RAM Interface
(NOTE 1)
The 8208 is capable of addressing 64k and 256k ——»]AHB
dynamic RAMs. Figure 3 shows the connection of A11-A19 A10-A17
the processor address bus to the 8208 using the
differont RAMs. The 8208 directly supports the AHO-AH AHO-ANT
2164A RAM family or any RAM with similar timing 8208 | (NOTE1) 8208
requirements and responses. —»{ ALB
A2-A10 A2-A
The 8208 divides memory into two banks, each bank o
having its own Row (RAS) and Column (CAS) Ag- > ALD-AL8 > ALO-ALT
dress Strobe pair. This organization permits RAM cy-
cle interleaving. RAM cycle interleaving overlaps the Al Al
start of the next RAM cycle with the RAM precharge — L Bs
period of the previous cycie. Hiding the precharge 256K RAM 64K RAM
period of one RAM cycle behind the data access INTERFACE INTERFACE
period of the next RAM cycle optimizes memory 230734-11
bandwidth and is effective as long as successive NOTES:
RAM cycles occur in the alternate banks. 1. Unassigned address input pins should be strapped
) high or low.
Successive data access to the same bank cause the 2. AD along with BHE are used to select a byte within a
8208 to wait for the precharge time of the previous processor word. » : ]
RAM cycle. But when the 8208 is programmed in an 3. Low order address bit is used as a bank selact Pt
iAPX 186 synchronous configuration consecutive S0 that consecutive memory access requests are to al-
read cycles to the same bank does not result in ad- :;rcr}gs banks allowing bank interleaving of memory
ditional wait states (i.e. 0 wait state reads result).

Figure 3. Processor Address interface to the
8208 Using 64k, and 256k, RAMS
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if not all RAM banks are occupied, the 8208 reas-
signs the RAS and CAS strobes to allow using wider
data words without increasing the loading on the
RAS and CAS drivers. Table 2 shows the bank se-
lection decoding and the horizontal word expansion,
including RAS and CAS assignments. For exargpleg,
if only one RAM bank is occupied, then the two RA!

and CAS strobes are activated with the same timing.

Table 2. Bank Selection Decoding

and Word Expansion
Program | Bank

Bit Input 8208

RB BS RAS/CAS Palir Allocation
(¢] 0 RASg, 1. CASy, 1 to Bank 0
0 1 llegal
1 0 RAS(, CASg to Bank 0
1 1 AAS,, CAS; toBank 1

Program bit RB is not used ta check the bank select
input BS. The system design must protect from ac-
cesses to “illegal”, non-existent banks of memory
by deactivating the PE input when addressing an “il-
legal”, non-existent bank of memory.

The 8208 adjusts and optimizes internal timings for
either the fast or slow RAMs as programmed. {See
RAM Speed Option.)

Memory Initialization

After programming, the 8208 performs eight RAM
“wake-up” cycles 1o prepare the dynamic RAM for
proper device operation.

Refresh

The 8208 provides an internal refresh interval coun-
ter and a refresh address counter to allow the 8208
to refresh memory. The 8208 will refresh 128 rows
every 2 milliseconds or 256 rows every 4 millisec-
onds, which allows all RAM refresh options to be
supported. In addition, there exists the ability to re-
fresh 256 row address locations every 2 millisec-
onds via the Refresh Period programming option.

The 8208 may be programmed for any of five differ-
ent refresh options: Internal refresh only, External
refresh with failsafe protection, External refresh
without failsafe protection, Burst Refresh modes, or
no refresh. (See Refresh Options.)

It is possible to decrease the refresh time interval by
10%, 20% or 30%. This option allows the 8208 to
compensate for reduced clock frequencies. Note

that an additional 5% interval shortening is built-in in
all refresh interval options to compensate for clock
variations and non-immediate response to the inter-
nally generated refresh request (See Refresh Peri-
od Options.)

External Refresh Requests after
RESET

External refresh requests are not recognized by the
8208 until after it is finished programming and pre-
paring memory for access. Memory preparation in-
cludes 8 RAM cycles to prepare and ensure proper
dynamic RAM operation. The time it takes for the
8208 to recognize a request is shown below.

eq. 8208 System Response:
TRESP = TPROG + TPREP

where: TPROG = (40) (TCLCL) which is program-
ming time
TPREP = (8) (32) (TCLCL) which is the
RAM warm-up time

if TCLCL = 125 ns then TRESP = 37 us

Reset

RESET is an asynchronous input, the falling edge of
which is used by the 8208 to directly sample the
logic levels of the PCTL, RFRQ, and PDI inputs. The
internally synchronized falling edge of reset is used
to begin programming operations (shifting in the
contents of the external shift register, if needed, into
the PDI input).

Differentiated reset is unnecessary when the default
synchronization programming is used.

Until programming is complete the B208 registers
but does not respond to command or status inputs.
A simple means of preventing commands or status
from occurring during this period is to differentiate
the system reset pulse to obtain a smaller reset
pulse for the 8208. The total time of the 8208 reset
pulse and the 8208 pragramming time must be less
than the time before the first command the CPU is-
sues in systems that alter the default port synchro-
nization programming bit (default is synchronous
interface).

The differentiated reset pulse would be shorter than
the system reset pulse by at least the programming
period required by the 8208. The differentiated reset
puise first resets the 8208, and system reset would
reset the rest of the system. While the rest of the
system is still in reset, the 8208 completes its pro-
gramming. Figure 4 illustrates a circuit to accomplish
this task.
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8Y

nse? ||

t, PROGRAMMING TIME OF 8208

8208
SYSTEM RESET
RESET
DIFFERENTIATED RESET
230734-12
NOTES:

1. Required only when the synchronization option is al
tered from its initial default value.

2. Vgc must be stable before system reset is activated
when using this circuit.

8088, 80186 or 80188 status, called the 8086 Status
interface. The Command interface can also directly
interface to the command lines of the bus controllers
for the 8086, 8088, 80186 and the 80286.

The 80186 Status interface allows direct decoding of
the status lines for the iAPX 86, iAPX 88, iAPX 186
and the iAPX 188. Table 3 shows how the status
lines are decoded. Microprocessor bus controlier
read or write commands or MULTIBUS commands
can also be directed to the 8208 when in Command

Figure 4. 8208 Differentiated Reset Circuit

Within four clocks after RESET goes active, all the
8208 outputs will go high, except for AO0-2, which
will go low.

OPERATIONAL DESCRIPTION

Programming the 8208

The 8208 is programmed after reset. On the falling
edge of RESET, the logic states of several input pins
are latched internally. The falling edge of RESET ac-
tually performs the latching, which means that the
logic levels on these inputs must be stable prior to
that time. The inputs whose logic levels are latched
at the end of reset are the PCTL, REFRQ, and PDI
pins.

Status/Command Mode

The processor port of the 8208 is configured by the
states of the PCTL pin. Which interface is selected
depends on the state of the PCTL pin at the end of
reset. if PCTL is high at the end of reset, the 8086/
80186 Status interface is selected; if it is low, then
the MULTIBUS or Command interface is selected.

The status lines of the 80286 are similar in code and
timing to the Multbus command lines, while the
status code and timing of the 8086 and 8088 are
identical to those of the 80186 and 80188 (ignoring
the differences in clock duty cycle). Thus there ex-
ists two interface configurations, one for the 80286
status or Muitibus memory commands, which is
called the Command interface, and one for 8086,

mode.

Table 3A. Status Coding of 8086,

80186 and 80286
Status Code Function
§2 | 51 ; SO 8086/80186 80286*
0 0 0 INTERRUPT INTERRUPT
0 0 1 1/0 READ 1/0 READ
0 1 0 1/0 WRITE 1/Q WRITE
0 1 1 HALT IDLE
1 0 0 INSTRUCTION
FETCH HALT
1 0 1 MEMORY MEMORY
READ READ
1 1 0 MEMORY MEMORY
WRITE WRITE
1 1 1 IDLE IDLE
* Refer 80286 pin description table
Table 3B. 8208 Response
c o?nzr?\gn d Function
__|___|8086/80186 | 80286 Status or
PCTL ([RD | WR Status Command
Interface Interface
0 0 0 IGNORE IGNORE*
0 0 1 IGNORE READ
0 1 0 IGNORE WRITE
0 1 1 IGNORE IGNORE
1 0 0 READ IGNORE
1 0 1 READ INHIBIT
1 1 0 WRITE INHIBIT
1 1 1 IGNORE IGNORE

*lliegal with CFS = 0

Refresh Options

Immediately after system reset, the state of the
REFRQ input pin is examined. If REFRQ is high, the
8208 provides the user with the choice bstween
self-refresh and user-generated refresh with failsafe
protection. Failsafe protection guarantees that if the
user does not come back with anaother refresh
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request before the internal refresh intervai counter
times out, a refresh request will be automatically
generated. If the REFRQ pin is low immediately after
a reset, then the user has the choice of a single
external refresh cycle without failsafe, burst refresh
or no refresh.

Internal Refresh Only

For the 8208 to generate internal refresh requests, it
is necessary only to strap the REFRQ input pin high.

External Refresh with Failsafe

To allow user-generated refresh requests with fail-
safe protection, it is necessary to hold the REFRQ
input high until after reset. Thereafter, a low-to-high
transition on this input causes a refresh request to
be generated and the internal refresh interval coun-
ter to be reset. A high-to-low transition has no effect
on the 8208. A refresh request is not recognized
until a previous request has been serviced.

External Refresh without Failsafe

To generate single external refresh requests without
failsafe protection, it is necessary to hold REFRQ
low until after reset. Thereafter, bringing REFRQ
high for one clock period will cause a refresh re-
quest to be generated. A refresh request is not rec-
ognized until a previous request has been serviced.

Burst Refresh

Burst refresh is implemented through the same pro-
cedure as a single external refresh without failsafe
(i.e., REFRQ is kept low until after reset). Thereafter,
bringing REFRQ high for at least two clock periods
will cause a burst of up to 128 row address locations
to be refreshed. Any refresh request is not recog-
nized until a previous request has been serviced (i.e.
burst is completed).

No Refresh

1t is necessary to hold REFRQ low until after reset.
This is the same as programming External Refresh
without Failsafe. No refresh is accomplished by
keeping REFRQ low.

Option Program Data Word

The program data word consists of 9 program data
bits, PDO-PD8. If the first program data bit, PDO is
set to logic 0, the 8208 is configured to support iAPX

186, 188, 86, or 88 systems. The remaining bits,
PD1-PD8, may then be programmed to optimize a
selected system configuration. A default of all zeros
in the remaining program bits optimizes the 8208
timing for 8 MHz Intel CPUs using 150 ns (or faster)
dynamic RAMs with no performance penalty.

If the first program data bit is set to logic 1, the 8208
is configured to support iAPX 286 systems (Com-
mand mode). A default of all ones in the program
bits optimizes the 8208 timing for an 8 MHz 286 us-
ing 120 ns DRAMSs at zero wait states. Note that the
programming bits PD1-8 change polarity according
to PDO. This ensures the same choice of options for
both default modes.

Figure 5 shows the various options that can be pro-
grammed into the 8208.

Figure 5. Program Data Word

Program Name
Data Bit PDO = 0|PDO = 1

Polarity/Function

CFS = 0 SLOW CYCLE
PDO CFS CFS CFS = 1 FASTCYCLE

PD1 S S S=0
SYNCHRONOUS*
§=1
ASYNCHRONOUS
RFS RFS = 0 FAST RAM*

RFS = 1 SLOW RAM

RAM BANK
OCCUPANCY
SEE TABLE 2

COUNT INTERVAL BIT 1;
SEE TABLE 6
COUNT INTERVAL BIT 0;
SEETABLE6

PLS = 0LONG
REFRESH PERIOD*
PLS = 1 SHORT
REFRESH PERIOD

FFS = 0FASTCPU
FREQUENCY*
FFS = 1 SLOW CPU
FREQUENCY
X = 0 AACK*

X = 1 XACK

PD2

I
T
ol

PD3 RB RB

Q

PD4 ci

l

PD5 CIo

9]
ol

PD& PLS PLS

PD?7 | FFS FFS

x|

PD8 X

* Default in both modes

Using an External Shift Register

The 8208 may be programmed by using an external
shift register with asynchronous load capability such
as a 74LS165. The reset pulse serves to paraliel
load the shift register and the 8208 supplies the
clocking signal (PCLK) to shift the data into the PDI
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programming pin. Figure 6 shows a sample circuit
diagram of an external shift register circuit.

Serial data is shifted into the 8208 via the PDI pin
(33), and clock is provided by the WE/PCLK pin
(25), which generates a total of 9 clock pulses. After
programming is complete, data appearing at the in-
put of the PDI pin is ignored.

WE/PCLK is a dual function pin. During program-
ming, it serves to clock the external shift register,
and after programming is completed, it reverts to the
write enable RAM control output pin. As the pin
changes state to provide the write enable signal to

the dynamic .RAM array, it continues to clock the
shift register. This does not present a problem be-
cause data at the PDI pin is ignored after program-
ming. Figure 7 illustrates the timing requirements of
the shift register.

Default Programming Options

After reset, the 8208 serially shifts in a program data
word via the PDI pin. This pin may be strapped low
or high, or connected to an external shift register.
Strapping PDI low causes the 8208 to default to the
iAPX 186 system configuration, while high causes a

+5V

8208
8208 H
RESET
SHID 74LS165 a, PODI WE/PCLK
—f CLK
RESET
230734-13
Figure 6. External Shift Register Interface
CLK
—[¢ —.@4—

RESET

wer — J/ K — ‘, -»I <—t,

PCLK

TLO&D" Iq———-——4:)——————>

ij PDO

X X X

NOTES:

TCLPC — MUX/PCLK delay.
TLOAD — Asychronous load data propagation delay.

230734-14

TRTVCL — Reset is an asychronous input, if reset occurs before TRTVCL, then it is guaranteed to be recognized.
TPGVCL — Minimum PDI valid time prior to reset going low.

Figure 7. Timing lllustrating External Shift Register Requirements for Programming the 8208
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default to the iAPX 286 configuration. Table 4 shows
the characteristics of the default configuration. If fur-
ther system flexibility is needed, one external shift
register, like a 74LS165, can be used to tailor the
8208 to its operating environment.

Table 4. Defauit Programming

Synchronous interface

Fast RAM (Note 1)

2 RAM banks occupied

Refresh interval uses 118 clocks

128 row refresh in 2 ms; 256 row refresh in 4 ms
Fast processor clock frequency (8 MHz)
Advanced ACK strobe

NOTE:
1. For iAPX 86/186 systems either slow or fast (150 or
100 ns) RAMS will run at 8 MHz with zero wait states.

Synchronous/Asynchronous Mode
(S program bit)

The 8208 may be independently configured to ac-
%Et synchronous or asynchronous commands (RD,

R, PCTL) and Port Enable (PE) via the S program
bit. The state of the S programming bit determines
whether the interface is synchronous or asynchro-
nous.

While the 8208 may be configured with either the
Status or Command (MULTIBUS) interface in the
Synchronous mode, certain restrictions exist in the
Asynchronous mode. An Asynchronous-Command
interface using the control lines of the MULTIBUS is
supported, and an Asynchronous-80186 Status in-
terface using the status lines of the 80186 is sup-
ported, with the use of TTL gates as illustrated in
Figure 2. In the 80186 case, the TTL gates are need-
ed to guarantee that status does not appear at the
8208’s inputs too much before address, so that a
cycle would start before address was valid.

Microprocessor Clock Cycle Option
(CFS and FFS program bits)

The 8208 is programmed to interface with micro-
processors with “slow cycle” timing like the 8086,
8088, 80186, and 80188, and with “fast cycle” mi-
croprocessors like the 286. The CFS bit is used to
select the appropriate timing.

The FFS option is used to select the speed of the
microprocessor clock. Table 5 shows the various mi-
croprocessor clock frequency options that can be
programmed. The external clock frequency must be
programmed so that the failsafe refresh repetition

circuitry can adijust its internal timing accordingly to
produce a refresh request as programmed.

Table 5. Microprocessor Clock

R Frequency Options
Program Bits Processor Clock
CFS FFS Frequency
0 0 iAPX 886, 5 MHz
88, 186, 188
0 1 iAPX 86, 8 MHz
88, 186, 188
1 0 iAPX 286 10 MHz
1 1 iAPX 286 16 MHz

RAM Speed Option (RFS program bit)

The RAM Speed programming option determines
whether RAM timing will be optimized for a fast or
slow RAM. Whether a RAM is fast or slow is mea-
sured relative to 100 ns DRAMs (fast) or 150 ns
DRAMSs (slow). This option is only a factor in Com-
mand Mode (CFS = 1).

Refresh Period Options (CI0, Cl1 and
PLS program bits)

The 8208 refreshes with either 128 rows every 2
milliseconds or with 256 rows every 4 milliseconds.
This translates to one refresh cycle being executed
approximately once every 15.6 microseconds. This
rate can be changed to 256 rows every 2 millisec-
onds or a refresh approximately once every 7.8 mi-
croseconds via the Period Long/Short, program bit
PLS, programming option.

The Count Interval 0 (CI0) and Count interval 1 (CI1)
programming options allow the rate at which refresh
requests are generated to be increased in order to
permit refresh requests to be generated close to the
15.6 or 7.8 microsecond period when the 8208 is
operating at reduced frequencies. The interval be-
tween refreshes is decreased by 0%, 10%, 20%, or
30% as a function of how the count interval bits are
programmed. A 5% guardband is built-in to allow for
any clock frequency variations. Table 6 shows the
refresh period options available. '

The numbers tabulated under Count Interval repre-
sent the number of clock periods between internal
refresh requests. The percentages in parentheses
represent the decrease in the interval between re-
fresh requests. Note that all intervals have a built-in
5% (approximately) safety factor to compensate for
minor clock frequency deviations and non-immedi-
ate response to internal refresh requests.
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Table 6. Refresh Count Interval Table

Count Interval
Ref. CH,Cl0
Period|CFS]PLS|FFS| (8208 Clock Periods)
(18) 00| ot | 10 | 11
(0%)|(10%)|(20%) | (30%)
156 | 1 | 1| 1236 212 | 188 | 164
78 [ 1101 [118] 106 | 94 | 82
156 | 1| 1] 0 |148| 132 | 116 | 100
78 |1 |00 |74| 66 | 58 | 50
156 | 0| 1] 11]118] 106 | 94 | 82
78 o | o| 1|59 53| 47 | #1
156 | 0] 1]0]|74]| 66 | 58 | 50
78 |o|o|[o0|37| 33| 29| 25
Processor Timing

In order to run without wait states, AACK must be
used and connected to the SRDY input of the appro-
priate bus controller. AACK is issued relative to a
point within the RAM cycle and has no fixed relation-
ship to the processors’s request. The timing is such,
however, that the processor will run without wait
states, barring refresh cycles. In slow cycle, fast
RAM configurations (8086, 80186), AACK is issued
on the same clock cycle that issues RAS.

Port Enable (PE) set-up time requirements depend
on whether the 8208 is configured for synchronous
or asynchronous, fast or slow cycle operation. in a
synchronous fast cycle configuration, PE is required
to be set-up to the same clock edge as the com-
mands. If PE is true (low), a RAM cycle is started; if
not, the cycle is not started until the RD or WR line
goes inactive.

In asychronous operation, PE is required to be set-
up to the same clock edge as the internally synchro-
nized status or commands. Externally, this allows
the internal synchronization delay to be added to the

status (or command) -to-PE delay time, th:is allowing
for more external decode time than is available in
synchronous operation.

The minimum synchronization delay is the additional
amount that PE must be held valid. If PE is not held
valid for the maximum synchronization delay time, it
is possible that PE will go invalid prior to the status
or command being synchronized. In such a case the
8208 Joes not start a memory cycle. If a memory
cycle intended for the 8208 is not started, then no
acknowledge (AACK or XACK) is issued and the
processor locks up in endless wait states.

Memory Acknowledge (AACK, XACK)

Two types of memory acknowledge signals are sup-
plied by the 8208. They are the Advanced Acknowl-
edge strobe (AACK) and the Transfer Acknowledge
strobe (XACK). The S programming bit optimizes
AACK for synchronous operation (“early” AACK) or
asynchronous operation (“late” AACK). Both the
early and tate AACK strobes are two clocks long for
CFS = 0 and three clocks long for CFS = 1.

The XACK strobe is asserted when data is valid (for
reads) or when data may be removed (for writes)
and meets the MULTIBUS requirements. XACK is
removed asynchronously by the command going
inactive.

Since in an asynchronous operation the 8208 re-
moves read data before late or XACK is rec-
ognized by the CPU, the user must provide for data
latching in the system until the CPU reads the data.
in synchronous operation data latching is unneces-
sary, since the 8208 will not remove data until the
CPU has read it.

if the X programming bit is high, the strobe is config-
ured as XACK, while if the bit is low, the strobe is
configured as AACK.

Data will always be valid a fixed time after the occur-
rence of the advanced acknowledge. Thus, the ad-
vanced acknowledge may also serve as a RAM cy-
cle timing indicator.

Table 7. Memory Acknowledge Summary

Synchronous Asynchronous XACK
AACK Optimized AACK Optimized for ' .
Fast Cycle for Local 80286 (early) Remote 80286 (ate) Muttibus Compatible
AACK Optimized AACK Optimized for . .
SlowCycle | | 0cal 8086/186 (carly) | Remote 8086/186 (late) | Multibus Compatible
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General System Considerations

1

. The RASD, 1, CAS0, 1 and AOO-8 output buffers
are designed to directly drive the heavy capacitive
loads associated with dynamic RAM arrays. To
keep the RAM driver outputs from ringing exces-
sivaly in the system environment it is necessary to
match the output impedance with the RAM array
by using series resistors. Each application may
have different impedance characteristics and may
require different series resistance values. The se-
ries resistance values should be determined for
each application.

. Although the 8208 has programmable options, in
practice there are only a few choices the designer
must make. For iAPX 86/186 systems (CFS = 0),
the C2 default mode (pin 33 tied low) is the best
choice. This permits zero wait states at 8 MHz with

150 ns DRAM’s. The only consideration is the re-
fresh rate, which must be programmed if the CPU
is run at less than 8 MHz.

For iAPX 286 systems (CFS = 1) the designer
must choose between configuration CO ( =
0) and C1 (RFS = 1, FFS = 0). CO permits zero
wait state, 8 MHz iAPX 286 operaton with 120 ns -
DRAM'’s. However, for consecutive reads, this
performance depends upon interleaving between
two banks. The C1 configuration trades off 1 wait
state performance for the ability to use 150 ns
DRAM's. 150 ns DRAMs can be supported by the
CO configuration using 7 MHz iIAPX 286. Finally,
for non-Intel processors the usual choice is asyn-
chronous, command mode (C0), since status lines
are not available, Typically, to minimize the
8208's synchronization defay, the 8208 would be
run as fast as possible.

OTHER
AACK
SIGNALS

ADY  CI

X
* Lil %004
MESETOUT L wE w0 W DNVO
# pcTL
roi
P s ot !
AL
tonee oe e 7aL874
DDA LATCH
DATA 2283 AvM?
o s | G )

MEMORY
HIBAA1S
(UPPER)

MEMORY
2184A-15
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—

<
OATA BUS

230734-15

Figure 8A. 8208 Interface to an 80186
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Figure 8B. 8208 interface to IAPX 286
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Configuration Charts

The 8208 operates in three basic configurations—
C0, C1, C2—depending upon the programming of
CFS (PDO), RFS (PD2), and FFS (PD7). Table 8
shows these configurations. These modes deter-
mine the clock edges for the 8208’s programmable
signals, as shown in Table 9. Finally, Table 10 gives
the programmable AC parameters of the 8208 as a
fuction of configuration. The non-programmable pa-
rameters are listed under AC Gharacteristics.

Using the Timing Charts

The notation used to indicate which clock edge trig-
gers an output transition is “n T” or “nl", where
“n” is the number of clock periods that have passed
since clock 0, the reference clock, and “ 1" refers
to rising edge and “ | ” to falling edge. A clock peri-
od is defined as the interval from a clock falling edge
to the following falling edge. Clock edges are de-
fined as shown below.

|<—nv——>r—n+1—>|

(n=1) at m (ne1) (ne1)i

230734-17

The clock edges which trigger transitions on each
8208 output are tabulated in. Table 9. “H” refers to
the high-going transition, and “L” to low-going tran-
sition.

Clock 0 is defined as the clock in which the 8208
begins a memory cycle, either as a result of a port
request which has just arrived, or of a port request
which was stored previously but could not be serv-
iced at the time of its arrival because the 8208 was
performing another memory cycie. Clock 0 is identi-
fied externally by the leading edge of RAS, which is
always triggered on 0.

Table 8. 8208 Configurations

Timing Conf. | CFS(PD0) RFS(PD2) FFS(PD7) | Wait States®

Co iAPX286(1) | FASTRAM(1) | 16 MHz(1) 0

o] iAPX286(1) | SLOW RAM(0} | 16 MHz(1) 1

Co iAPX286(1) | FASTRAM(1) | 12MHz(0) 0

Co iAPX286(1) | SLOW RAM(0) | 12 MHz (0) 0

Co iAPX186(0) | DON'T CARE | DON'T CARE 0

* Using EAACK (synchronous mode)
Table 9. Timing Chart
RAS ADDRESS CAS WE EAACK LAACK XACK
Ccn|Cycle| L | H {Col|Row| L { H | H L L | H L H L | H

o |.RDRF ol|sljod|ad (11 ]4l 11 |44 |28 |51 |3l ]| RD
wR (ol sl ol |3l (2l |sd |1l sl |1l ]al |1l [4] 3] |WR
, | RDRF ol |4l 10d |3 |1l |8l 21 |58 ]2)l 151 |4l |RD
wR ol |5l ol |30 (2|58 |18 sl |1l |al |1l |4l |3] [WR
o | RO.RF ol |24 |od|2d |0l |3l ol|2l 1113l 2] |RD
wR (o) |4l ol |3l {1l |ad|od[al]ol|2l]1d |3l ]|2]|WR

NOTES FOR INTERPRETING THE TIMING CHART:

1. COLUMN ADDRESS is the time column address becomes valid.
2. The CAS, EAACK, TAACK and XACK outputs are not issued during refresh.
3. XACK—high is reset asynchronously by comm

4. EAACK is used in synchronous mode, LAACK
5. ADDRESS-Row is the clock edge where the 8208 AD switches from current column address to the next row address.

6. If a cycle is inhibited by PCTL = 1 (Multibus I/F mode) then TAS is not activated during write cycle and XACK is not
activated in either read or write cycles.

and going inactive and not by a clock edge.

and
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8208—DRAM Interface Parameter
Equations

READ, WRITE REFRESH CYCLES
{RAC: response parameter.
tCAC: response parameter.

Several DRAM parameters, but not all, are a direct
function of 8208 timings, and the equations for these
parameters ate given in the following tables. The fol-
lowing is a list of those DRAM parameters which
have NOT been included in the following tables, with

an explanation for their exclusion.

WRITE CYCLE
tDS:
tDH:

system-dependent parameter.
system-dependent parameter.

tDHR: system-dependent parameter.

Table 10. Programmable Timings

{REF: See “Refresh Period Options™.
tCRP: must be met only if CAS-only cycles,

which do not occur with 8208, exist.
tRAH: See “A.C. Characteristics”
tRCD: See "A.C. Characteristics”

tASC: See “A.C. Characteristics”
tASR: See “A.C. Characteristics™
tOFF: response parameter.

Read and Refresh Cycles ;
Parameter C2-Siow Cycle CO-Fast Cycie C1-Fast Cycle Notes
tRP 2TCLCL-T25 3TCLCL-T25 3TCLCL-T25 1
tCPN 1.5TCLCL-T34 3TCLCL-T34 2TCLCL-T34 1
tRSH 2TCLCL-T32 2TCLCL-T33 3TCLCL-T33 1
tCSH 3TCLCL-T25 4TCLCL-T25 6TCLCL-T25 1
tCAH 2TCLCL-T32 TCLCL-T33 2TCLCL-T33 1
tAR 2TCLCL-T25 2TCLCL-T25 3TCLCL-T25 1
T 3/30 3/30 3/30 2
tRC 4TCLCL 6TCLCL 7TCLCL 1
tRAS 2TCLCL-T25 3TCLCL-T25 4TCLCL-T25 1
tCAS 3TCLCL-T32 3TCLCL-T33 5TCLCL-T33 1
tRCS 1.5TCLCL-TCL-T36-TBUF | 2TCLCL-TCL-T36-TBUF. | 2TCLCL-TCL-T36-TBUF 1
tRCH TCLCL-T32 & T36 MIN TCLCL-T32 TCLCL-T32 1
Write Cycles
Parameter C2-Siow Cycle CO0-Fast Cycle C1-Fast Cycle Notes
tRP 2TCLCL-T25 3TCLCL-T25 3TCLCL-T25 1
tCPN 2.5TCLCL-T34 4TCLCL-T34 4TCLCL-T34 1
tRSH 3TCLCL-T32 3TCLCL-T33 3TCLCL-T33 1
tCSH 4TCLCL-T25 5TCLCL-T25 - 5TCLCL-T25 1
tCAH 2TCLCL-T32 TCLCL-T33 TCLCL-T33 1
tAR 3TCLCL-T25 3TCLCL-T25 3TCLCL-T25 1
tT 3/30 3/30 3/30 2
tRC 6TCLCL 8TCLCL 8TCLCL 1
tRAS 4TCLCL-T25 5TCLCL-T25 5TCLCL-T25 1
tCAS 3TCLCL-T32 3TCLCL-T33 3TCLCL-T33 1
tWCH 3TCLCL-T32 3TCLCL-T33 3TCLCL-T33 1,3
tWCR 4TCLCL-T25 5TCLCL-T25 ‘ 5TCLCL-T25 1,3
tWP 4TCLCL-T36-TBUF 4TCLCL-T36-TBUF 4TCLCL-T36-TBUF 1
tRWL 4TCLCL-T36-TBUF 4TCLCL-T36-TBUF ATCLCL-T36-TBUF 1
tCWL ATCLCL-T36-TBUF 4TCLCL-T36-TBUF 4TCLCL-T36-TBUF 1
tWCs TCLCL-T36-TBUF TCLCL-T36-TBUF TCLCL-T36-TBUF 1
NOTES:
1. Minimum.

2. Value on right is maximum; value on left is minimum.
3. Applies to the eight warm-up cycles during initialization.
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ABSOLUTE MAXIMUM RATINGS

Ambient Temperature

Under Bias —0°Cto +70°C
Storage Temperature —65°Cto +150°C
Voltage On Any Pin With

Respect to Ground —05Vto +7V
Power Dissipation 1.7 Watts

*Notice: Stresses above those listed under “Abso-
Jute Maximum Ratings’ may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

NOTICE: Specifications contained within the
following tables are subject to change.

D.C. CHARACTERISTICS Ta = 0°C to 70°C; Vg = 5.0V £10%; Vgs = GND

Symbol Parameter Min Max Units Comments

ViL Input Low Voltage —-0.5 +0.8 A

ViH Input High Voltage 2.0 Veg + 0.5 Vv

VoL Qutput Low Voltage 0.45 v Note 1

VoH Output High Voltage 24 A Note 1
RAM Output

VRoL Low Voltage 0.45 A Note 1
RAM Qutput

VRoH High Voltage 2.6 A Note 1

lco Supply Current 300 mA Ta = 0°C

L input Leakage Current +10 pA 0V < Vin £ Ve
Clock Input _

VoL Low Voltage 0.5 +0.6 \
Clock Input

Ve High Voltage 3.8 Voe + 0.5 \

CiN Input Capacitance 20 pF fc = 1 MHz

NOTE 1:

loL = 5 mA and lgy = —0.32 mA (Typically lo. = 10 mA)
WE: lg. = 8 mA

A.C. Testing Load Circuit

A.C. Testing Input, Output Waveform

Rpas

RAS, , —R———'\/W—_ro
CAS CAS
8208 3 MRy WV
AO, g —W'Ioi =
Other Outputs MIO = Cmas
I C
RL =Ch CAS

Cp-
230734-18
Rpas = 392 Cras = 150 pF
Rcas = 390 Ccas = 150 pF
Rag = 2201 Cap = 200 pF
R = 330 Cp = 50 pF

24 2.0 2.4

0.45 08 0.8

230734-25
A.C. Testing inputs {except clock) are driven at 2.4V for
a logic “1” and 0.45V for a logic “0” (clock is driven at
4.0V and 0.45V for logic *“1” and “0" respectively).
Timing measurements are made at 2.0V, 2.4V for logic
“1" and 0.8V for logic “0".
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A.C. CHARACTERISTICS (Ts = 0°Cto 70°C; Vo = +5V £10%, Vgg = OV)

Measurements made with respect to RASp_1, CASp_1, AOp_g, are at +2.4V and 0.8V. All other pins are
measured at 2.0V and 0.8V. All times are ns unless otherwise indicated. Testing done with specified test load.

8208-16, 8208 8208-12, 8208-6
Ret Symbol Parameter {FFS=1) (FFS=0) Units | Notes
Min | max Min | Max
CLOCK AND PROGRAMMING
tF Clock Fall Time 10 10 ns 3
tR Clock Rise Time 10 10 ns 3
1 TCLCL Clock Period
8208-16 62.5 250 ns 1
8208-12 83.9 250 ns 1
8208 125 500 ns 2
8208-6 167 500 ns 2
2 TCL Clock Low Time )
8208-16 15 230 ns 1
8208-12 20 225 ns 1
8208 TCLCL/2-12 ns 2
8208-6 TCLCL/2-12 - ns 2
3 TCH Clock High Time
8208-16 20 230 ns 1
8208-12 25 230 ns 1
8208 TCLCL/3+2 ns 2
8208-6 TCLCL/3+2 ns 2
4 TRTVCL Reset to CLK | Setup 40 65 ns 4
TRTH Reset Pulse Width 4TCLCL 4TCLCL ns
TPGVRTL PCTL, PDI, RFRQ
to RESET | Setup 125 67 ns 5
7 TRTLPGX PCTL, RFRQ
to RESET | Hold 10 10 ns
8 TCLPC PCLK from CLK | Delay 45 . 55 ns
9 TPDVCL PDita CLK | Setup 60 85 ns
10 TCLPDX PDI to CLK | Hold 40 55 ns 6
SYNCHRONOUS n.P PORT INTERFACE ]
11 TPEVCL PE to CLK | Setup 30 40 2
12 TKVCL RD, WR, PE, PCTL
to CLK | Setup 20 25 ns 1
13 TCLKX RD, WR, PE, PCTL 0 0 ns
to CLK | Hold
14 TKVCH RD, WR, PCTL
to CLK T Setup 2 30 ns 2
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[ ]
Intel 8208
A.C. CHARACTERISTICS (Continued)
8208-16, 8208 8208-12, 8208-6
Ret | Symbol Par (FFS=1) (FFS=0) Units |  Notes
Min | Max _ wmin | Max
ASYNCHRONOUS uP PORT INTERFACE
15 | TAWVCL | RD,WR1oCLK | Setup 20 30 ns 8.9
16 | TRWL RD, WR Puise Width 2TCLCL + 30 2TCLCL + 40 ns
17 | TRWLPEV | PE from RD, WR | Delay
CFS=1 TCLCL-20 TCLCL-30 ns 1
CFS=0 TCLCL-30 TCLCL-40 ns 2
18 | TRWLPEX | PE to AD, WR | Hold 2TCLCL + 30 2TCLCL + 40 ns
19 | TRWLPTV) PCT i"g:l‘a'jﬁ' TOLCL-30 ToLcL40 | ns 2
20 | TRWLPTX | PCTL 1o RD, WR | Hold 2TCLCL + 30 2TCLCL + 40 ns 2
21 | TRWLPTV ) FeT! i"g:l‘asﬁ' 2TCLCL-20 2TOLCL30 | rs 1
22 | TRWLPTX | PCTL 1o RD, WR | Hold 3TCLCL + 30 3TCLCL + 40 ns 1
RAM INTERFACE
23 | TAVCL AL, AH,BStoCLK | Setup| 45 + IASR 55 + tASR ns 10
24 | TCLAX AL, AH, BS to CLK | Hold 0 ] ns
25 | TCLRSL | RAS | from CLK | Delay 35 45 ns
26 | TRCD RAS to CAS Delay
CFS=1 TCLCL-25 TCLCL-30 ns 1,14
CFS=0 TCLCL/2-25 TCLCL/2-30 ns 2,11,14
CFS=0 75 60 ns 2,12,14
27 | TCLRSH | RAS T from CLK | Delay 50 80 ns
28 | TRAH CFS=1 TCLCL/2-13 TCLCL/2-15 ns 1,13,15
CFS=0 TCLCL/4-10 TCLCL/4-15 ns 2,11,15
CFS=0 40 35 ns 2,12,15
20 | TASR Row A0 to CAS Hold 10,16
30 | TASC Column A0 to TAS | Setup
CFS=1 2 5 ns |1,13,17,18
CFS=0 5 5 ns |213,17,18
31 | TCAH Column A0 to CAS Hold (See DRAM Interface Tables)
32 | TcLesL | CAS | trom CLK | Delay
CFS=0 TCLCL/4 + 30 | TCLCL/1.8 + 53 | TCLCL/4 + 30 | TCLCL/1.8 + 72| ns 2
33 | ToLesL | TAS | from CLK | Delay
CFS=1 35 40 ns 1
34 | ToLcsH | TAS T trom CLK | Delay 50 60 ns
35 | TCLWL WE | fromCLK | Delay 35 45 ns
36 | TCLWH | WET from CLK | Delay
CFS=0 TCLCL/4 + 30 | TCLCL/1.8 + §3 | TCLCL/4 + 30 | TCLCL/1.8 + 72| ns 2
CFS=1 35 45 ns 1
37 | TCLTKL | XACK | from CLK | Delay 35 45 ns
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A.C. CHARACTERISTICS (Continued)

8208-18, 8208 8208-12, 8208-6
Ref Symbol Parameter (FF§=1) {FFS=0) Units Notes
Min | Max Min | max
RAM INTERFACE (Continued)
38 TRWLTKH %%R gs lf;c;m RDT. 50 55 ns
39 TCLAKL AACK | from CLK | Delay 35 35 ns
40 TCLAKH AACK 1 from CLK | Delay 50 60 ns
REFRESH REQUEST
41 TRFVCL RFRQ to CLK | Setup 20 30 ns
42 TCLRFX RFRQ to CLK | Hold 10 10 ns
43 TFRFH Failsafe RFRQ Pulse Width TCLCL + 30 TCLCL + 50 ns 19
44 TRFXCL gng& I]VFl;SuI]r;actwe 20 30 ns 20
45 TBRFH Burst RFRQ Pulse Width 2TCLCL + 30 2TCLCL + 50 ns 19
The following RC loading is assumed:
AOg-g R = 220 C = 200 pF

RASp_1, CASg_1 R =390 C = 150 pF
AACK, WE/PCLK R =330 C = 50pF

NOTES:
1. Specification when programmed in the Fast Cycle processor mode (iAPX 286 mode). 8208-16, -12 only.
2. Specification when programmed in the Siow Cycle processor mode (IAPX 186 mods). 8208-8, -6 only.
3. tR and tF are referenced from the 3.5V and 1.0V levels.
4. RESET is internally synchronized to CLK. Hence a set-up time is required only to guarantee its recognition at a particutar
clock edge.
5. The first programming bit (PDO) is also sampled by RESET going low.
6. TCLPDX is guaranteed if programming data is shifted using PCLK.
8. TRWVCL is not required for an asynchronous command except to guarantee its recognition at a particular clock edge.
8. Valid when programmed in either Fast or Slow Cycle mode.
10. tASR is a user specified parameter and its value should be added accordingly to TAVCL.
11. When programmed in Slow Cycle mode and 125 ns < TCLCL < 200 ns.
12. When programmed in Slow Cycle mode and 200 ns < TCLCL.
13. Specification for Test Load conditions.
14. tRCD (actual) = tRCD (specification) +0.06 (ACgag) - 0.06(ACcag) where AC = C (test load) - C (actual) in pF. (These
are first order approximations.)
15. tRAH (actual) = tRAH (specification) + 0.06 (ACpag) - 0.022 (ACag) where AC = C (test ioad) - C (actual) in pF.
(These are first order approximations.)
16. tASR {actual) = tASR (spacification) +0.06 (ACag) - 0.025 (ACRrag) where AC = C (test load) - C (actual) in pF. (These
are first order approximations.)
17. tASC (actual) = tASC (specification} +0.06 (ACag) - 0.025 (ACcas) where AC (test load) - C (actual) in pF. (These are
first order approximations.)
18. tASC is a function of clock frequency and thus varies with changes in frequency. A minimum value is specified.
19. TFRFH and TBRFH pertain to asynchronous operation only.
20. Single RFRQ should be supplied synchronously to avoid burst refresh.
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WAVEFORMS

Clock and Programming Timings
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RAM Warm-up Cycles
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| RESET !

NOTE:
The present example assumes a RAS four clocks long.

Refresh Request Timing
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230734-21
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WAVEFORMS (Continued)

Synchronous Port Interface
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NOTE:
Actual transitions are programmable. Refer to Tables 8 and 9.
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WAVEFORMS (Continued)

Asynchronous Port Interface
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WAVEFORMS (Continued)

RAM Interface Timing
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NOTE:
Actual transitions are programmable. See Tables 8 and 9.
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